Numerical simulations and scaling arguments are used to study the field dependence of a random walk in a one-dimensional system with a bias field on each site. The bias is taken randomly with equal probability to be + E or -E. The probability density P(x, t) is found to scale asymptotically as
studied a one-dimensional random walk in the presence of random fields and found for the mean-square displacement (x2(t) ) ~ (In/)4 (1) In this model the random walker experiences at each site a random bias field E = p + -p_. Here p + (p_) is the transition probability for a step to the right (left), with p+ + p_ = 1; p_+ are taken from distributions where the mean value of ln(p § ) is zero. Recently it has been argued that this type of random walk is related to random walks on random structures, such as random combs or the infinite percolation cluster at criticality under the influence of a constant bias field. (t2,x3) In both systems, the mean-square displacement increases logarithmically with time and the fluctuations show multifractal behavior/7'14)
The purpose of this work is to study the field dependence of (x 2 } and of the mean (configurational averaged) distribution function for the case that the bias field can accept only two values +E or -E with equal probability. The case that E is homogeneously distributed between 0 and 1 has been recently studied analytically by Kesten/9) For determining the mean distribution function P(x, t) and the mean-square displacement (x2(t)) we used the exact enumeration method (see, e.g., Ref.
2). First we generated a linear chain with random fields ( + ]El ) associated to each site.
Then we solved the master equation on this chain to obtain P(x, t) and the second moment. Finally, we averaged over many configurations. Our results for (x2(t)), for various field strengths E, are shown in Fig. 1 , where (x2(t)) is plotted as a function of (In t) 4. For large times, the data fall on the straight lines, as predicted by (1) . The mean-square displacement decreases with increasing bias field. Also, the crossover time to the asymptotic logarithmic behavior decreases with the field. The reason for this behavior is that the walker can get stuck in those regions of the chain where fields of opposite directions point toward the same site; the stronger the field, the more pronounced is this behavior.
In order to describe the field dependence of (x2(t)), we assume the scaling form
(x2(t) ) = A(E) -~ F{t[A(E)] ~ }
where
. This scaling form yields the two known limits for (x2(t)). For t ~ 0 we expect (x2(t))~ t, independent of E, and thus we have F(u),,~ u for u ~ 1. For t ~ ov we have (x2(t)) ~ (In t)4 and thus F(u) ~ (ln u) 4 for u > 1. We determined the exponent/3 by fitting our numerical data from Fig. 1 to the scaling form, Eq. (2). We find that the best data collapse occurs for/3 = 4.25 (see Fig. 2 i.e., /3=4. The slightly higher value obtained here might be due to corrections to scaling which can be neglected only asymptotically.
Next we consider the mean density distribution P(x, t). A simple scaling form for P(x, t) which is consistent with (1) and (2) is
To test this scaling form, in 1.25 -t-0.05. This value of ~ may be compared with the result a = 1 suggested by Nauenberg (s) and proven analytically by Kesten (9) for the case of homogeneously distributed fields. The difference can be due to the discreteness (5-function distribution) of the bias field considered here, which might change the asymptotic behavior of P(x, t).
It is not unusual in anomalous diffusion that transport exponents are changed when passing from homogeneous to discrete distributions. For example, random walks in continuous percolation systems such as the 
